Abstract
INTRODUCTION
Several pathologic conditions, including chronic alcohol consumption, viral B or C hepatitis, and constant cholestasis, induce chronic injury to liver tissue. Moreover, these chronic liver disorders lead progressively to fi brosis or liver cirrhosis, which is an extreme form of chronic liver disease that reduces the quality of life and life span of the patients [1] . Therefore, a crucial step in treating chronic liver disease involves preventing the development of cirrhosis. One of the best therapeutic strategies involves removing the underlying causes of liver damage [2] , and major findings on the epidemiological and pathogenic features that involve various cytokines or the transformation of stellate cells in the progression of chronic liver disease have recently been reported [3] [4] [5] . Currently, however, no universally effective therapeutics exist, and chronic liver disease remains a major concern for global public health.
Medical research on natural products for treating chronic liver disease has been increasing in recent years [6] [7] [8] .
Chunggan extract (CGX, also called Qinggan extract, which means "cleaning liver") is a modified herbal drug based on a traditional Chinese hepatotherapeutic formula. It has therapeutic properties particularly for hyperlipidemia,
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www.wjgnet.com www.wjgnet.com alcohol-induced liver damages in animal models, and other chronic liver diseases, including chronic viral B type hepatitis in clinical tests [9] [10] [11] . Nevertheless, further studies are needed to evaluate the pharmaceutical effi cacy based on scientifically controlled experiments before an appropriate clinical application can be implemented for treating various liver diseases.
We herein investigated the therapeutic effect of this drug on a chronic liver injury model in rats caused by dimethylnitrosamine (DMN).
MATERIALS AND METHODS

Components of CGX and fi ngerprinting analysis
The ingredients of CGX include 5 g each of Artemisia capillaris Herba, Trionycis Carapax, Raphani Semen; 3 g each of Atractylodis Macrocephalae Rhizoma, Poria, Alismatis Rhizoma, Atractylodis Rhizoma, Salviae Miltiorrhizae Radix; 2 g each of Polyporus, Amomi Fructus, Aurantii Fructus, and 1 g of Glycyrrhizae Radix or Helenii Radix. The 10.71% (w/w) lyophilized water-extract was obtained from the initial dried mixture according to the Korean standard over-the-counter (OTC) monographs, and its high-performance thin layer chromatography (HPTLC)-based fi ngerprint was produced by the CAMAG application system (Muttenz, Switzerland) ( Figure 1A and B). For the HPTLC analysis, water extracts of CGX, Artemisia capillaris Herba, Aurantii Fructus, and their standard components, 6, 7-dimethoxycoumarin (Sigma Chemical Co., St. Louis, MO, USA) and Poncirin (Fluka, St. Louis, MO, USA), were dissolved in HPLC-grade methanol and applied to pre-washed silica gel 60 F254 HPTLC plates (size 10 cm × 10 cm, thickness of the silica gel 0.2 mm; Merck, Darmstadt, Germany) with an automated applicator (Linomat ; CAMAG). The samples were then separated (migration distance 75 mm) using HPLC-grade ethyl acetate/formic acid/acetic acid/water (15:1:1:2). The migrated components were visualized under UV radiation at 366 nm using Reprostar 3 with a digital camera (CAMAG).
Animals and reagents
Specific pathogen-free 4-wk-old male Wistar rats were purchased from a commercial animal breeder (Samtako, Osan, Korea). Forty rats were acclimated for 3 wk and housed in an environmentally controlled room at 22 ± 2℃, 55% ± 10% relative humidity, and 12-h light/dark cycles, and fed commercial pellets (Samtako) and tap water ad libitum. Animal experiments were conducted in accordance with the Use of Laboratory Animals as adopted and promulgated by the U.S. National Institutes of Health.
Dimethylnitrosamine (DMN, N-Nitrosodimethylamine) and other reagents, including hydroxyproline, p-dimethy laminobenzaldehyde, and chloramine-T were purchased from Sigma, and perchloric acid was obtained from GFS Chemical Co. (Columbus, OH, USA).
Induction of chronic liver damage and administration of CGX
Forty Wistar rats with average body weight 210 ± 15 g were randomly divided into 5 groups (8 rats per group) as follows: naive (no treatment); DMN 4 wk (4-wk DMN treatment and sacrificed following the treatment period); control (4-wk DMN treatment and 4-wk water administration from the third week of DMN treatment); and CGX 100 or CGX 200 (4-wk DMN treatment and 4-wk CGX administration from the third week of DMN treatment). DMN diluted in saline was intraperitoneally injected at 10 mg/mL per kg for 3 consecutive days during each week for the DMN 4 wk, control, CGX 100, and CGX 200 groups. The DMN 4 wk group was sacrifi ced at the end of the 4-wk DMN treatment. The CGX 100, CGX 200, and control groups were administered CGX with (100 or 200 mg/kg per day) or distilled water as a control daily for 4 wk starting from the third week of DMN-treatment. This experimental model is presented in Figure 1C .
Measurement of the relative organ weights, and histomorphologic examination of the liver The changes in body weight for all animals were recorded weekly throughout the experimental period. The animals were sacrificed on the last day of experimentation or following the 4-wk induction for the DMN-4 wk group; the liver and spleen were removed and weighed to determine changes in the organ weights by treatment. The liver was removed and separately stored for histomorphologic examination, RNA expression analysis, as well as hydroxyproline and lipid peroxide determination.
For the histomorphological evaluation, a portion of liver tissue was fi xed in Bouin's solution. The paraffi n-embedded liver was sectioned (4-μm thickness), and Hematoxylin & eosin staining and Masson's trichome staining were performed. The representative histopathological features, such as necrosis or inflammatory cell infiltration and fi brosis, were examined under microscopy.
Complete blood count and serum biochemical analysis
The rats were bled via abdominal aorta after ether anesthesia on the final day of the 4-wk induction for the DMN 4 wk group or on the final day of full experimentation for others. Complete blood counts were performed by blood cell counter (HEMAVET; CDC Technologies Inc., Oxford, CT, USA) using small amounts of blood mixed in EDTA.
Once sera were prepared from the remaining blood, the levels of total protein, albumin, total bilirubin, alkaline phosphatase (ALP), aspartate transaminase (AST), and alanine transaminase (ALT) were determined in the serum using an Auto Chemistry Analyzer (Chiron Ltd., Emeryville, CA, USA).
Lipid peroxidation measurement by malondialdehyde determination in liver tissues
Lipid peroxidation in liver tissues was examined using the method of thiobarbitric acid reactive substances (TBARS) as previously described [12] . The concentration of TBARS was expressed as n moles of malondialdehyde (MDA) per milligram of tissue using 1.1.3.3-tetraethoxypropa ne (TEP) as a standard. Briefl y, 0.2 g of liver tissue was homogenized in 2 mL of ice-cold 11.5 g/L KCl; then 0.13 mL of homogenate was mixed with 0.08 mL of 10 g/L phosphoric acid and 0.26 mL of 0.67% thiobarbituric acid. After heating the mixture for 45 min at 100℃, 1.03 mL of n-butanol was added into the mixture, followed by vigorous mixing and centrifugation at 3000 r/min for 15 min. The absorbance of the upper organic layer was measured at 535 and 520 nm with a spectrophotometer, and compared to the value from freshly prepared TEP as a standard.
Collagen measurement by hydroxyproline determination in liver tissues
Hydroxyproline assays were performed as previously described with a slight modification [13] . Briefly, liver tissues (0.2 g) stored at -70℃ were homogenized in 2 mL of 6 mol/L HCl and incubated overnight at 110℃. After filtering the acid hydrolysates using filtering paper (Toyo Roshi Kaisha, Tokyo, Japan), 50 μL of samples and standard hydroxyproline in 6 mol/L HCl were incubated to dry out the HCl; 50 μL of methanol, 1.2 mL of 500 mL/L isopropanol, and 200 μL of chloramine T solution were sequentially added to the samples, followed by incubation at room temperature for 10 min. Next, 1.3 mL of Ehrlich's solution was added to the mixtures and incubated further at 50℃ for 90 min. At the end of incubation, absorbance of the reaction mixtures was read at 558 nm. A standard curve was constructed using 0-1.0 mg/50 μL of hydroxyproline solutions.
Gene expression analysis using real-time PCR Total RNA was extracted from liver tissue samples with Trizol (Invitrogen, Carlsbad, CA, USA), RNAlater (Ambion, Inc., Austin, TX, USA), and RNA easy column (Qiagen, Inc., Valencia, CA, USA). Complementary DNA (cDNA) was synthesized using 10 pmol of oligo dT and 10 pmol/L of random hexamer (Bioneer, Daejeon, Korea). After cDNA synthesis, quantitative real-time PCR was perfor med using SYBR g reen supermix reagent (Bio-Rad, Hercules, CA, USA) with the primers (forward and reverse, respectively) for β-actin: 5'-GTGGGGCGCCCCAGGCACCA-3' and 5'-CTCCTTAATGTCACGCACGATTTC-3'; tumor necrosis factor-alpha (TNF-α): 5'-CTCCCAGGTTCTC TTCAAGG-3' and 5'-TGGAAGACTCCTCCCAGGTA; t r a n s f o r m i n g g 
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Statistical analysis
The results were expressed as the mean ± SD. Statistical analysis of the data was carried out using Student's t test. P values less than 0.05 were considered statistically signifi cant.
RESULTS
Relative liver and spleen weights
As shown in Figure 2 , 4-wk DMN treatment decreased relative liver weights compared to the control group, while it increased relative spleen weight. A 2-wk cessation of DMN following the 4-wk DMN treatment slightly restored these changes as seen in the control groups. These restorations were augmented by CGX administration (200 mg/kg), especially the spleen weights, compared to the control group (P < 0.05; Figure 2 ).
Hematological analysis
DMN treatment for 4 wk decreased the level of erythrocytes, hemoglobin, hematocrit and platelets, and decreased the lymphocyte population in peripheral blood compared to the naive group (Table 1) . Most of these hematological changes, however, had almost completely recovered to normal levels by cessation of the treatment for 2 wk (control group). These hematological improvements may, therefore, not have been due to the effect of CGX, with the exception of the decreased monocyte population of leukocytes in CGX 100 and CGX 200 groups (P < 0.05).
Serum biochemical analysis
Four-week treatment with DMN induced liver dysfunction, including lowered levels of total protein and albumin along with elevated level of total bilirubin, ALP, AST, and ALT ( Figure 3A-C) . Although these biochemical parameters were partially restored after the 2-wk cessation period in the control group, AST and ALT levels still differed signifi cantly from their normal values. CGX treatment (100 mg/kg) showed significant restoring effects on serum level of total proteins and albumin (P < 0.0l and P < 0.05, respectively; Figure  3A ). However, bilirubin, which was rapidly reduced by cessation of DMN treatment for 2 wk, was not affected by CGX administration. The elevated ALP level signifi cantly decreased with treatment by both concentrations of CGX ( Figure 3B ), and the CGX treatment signifi cantly lowered the of AST back to nearly normal level and moderately reduced the level of ALT (P < 0.0l; Figure 3C ), while no signifi cant changes were observed after 2-wk cessation of DMN following the 4-wk DMN treatment without CGX.
Lipid peroxide and hydroxyproline
To examine the effects of CGX on lipid peroxidation and fibrosis in liver tissue, lipid peroxide and hydroxyproline were determined from frozen tissues. Prominent lipid peroxidation occurred during the 4-wk DMN treatment and progressed further during the 2-wk cessation period (control group), but 200 mg/kg CGX administration lowered it significantly (P < 0.01). Hydroxyproline, however, rapidly increased with DMN treatment but then dropped dramatically 2 wk later (control group), and CGX administration (100 and 200 mg/kg) signifi cantly augmented its concentration (P < 0.01; Figure 4 ).
Histopathological fi ndings
Four-week DMN treatment (DMN 4 wk) appeared to shrink the liver and cause it to become blunt and congested with blood, whereas the CGX treatment reversed these changes. These gross findings were supported by microscopic examination after hematoxylin & eosin and Masson's trichrome staining. DMN treatment for 4 wk caused severe local necrosis, infl ammatory cell infi ltration, hemorrhagic regions, and serious septal fi brosis. Although these pathologic features partially recovered by stopping the DMN treatment for 2 wk, CGX administration led to notable recovery effects ( Figure 5 ).
Fibrosis-related gene expression analysis
To inspect the changes in gene expression of cytokines linked to liver fi brosis and the anti-fi brotic effects of CGX, gene expressions of TNF-α, TGF-β, PDGF-β, MMP-2, TIMP-1, and TIMP-2 were analyzed using real-time PCR. As shown in Figure 6 , DMN treatment induced high expression of all these genes compared to the naive group. Weight of the liver and spleen relative to total body weight. Eight male Wistar rats per group were treated with DMN together with or without CGX as described in Figure 1C . At the end of the total treatment period, the liver and the spleen were removed from the rats and the relative organ weight with respect to total body weight was examined. a P < 0.05 vs control group; b P < 0.01 vs naive group.
After just 4-wk DMN treatment (DMN 4 wk), and after 6-wk full experiment for or control group including naïve group, complete blood count analysis was performed using EDTA-mixed blood. The DMN-induced high expression of TNF-α, TGF-β, TIMP-1, and TIMP-2 were spontaneously reduced to basal levels by cessation of the DMN treatment. However, the expression of genes encoding PDGF-β and MMP-2 was further activated during the 2-wk cessation period (control group). These patterns of over-expressed genes prominently subsided following CGX administration.
DISCUSSION
Liver tissue is generally characterized by its vigorous ability to completely regenerate when damaged during short periods, whereas chronic liver injury can cause gradual progression of fi brotic or cirrhotic changes or sometimes cancerous transformation, resulting in dysfunction of the liver itself with whole-body consequences [14] . Disorders with persistent destruction of liver tissue, known as chronic liver diseases, include chronic types of viral or alcoholic hepatitis, autoimmune hepatitis, liver cirrhosis, and liver cancer, and are a leading cause of death worldwide [15] . The development of cirrhosis is a critical step impacting the clinical outcome or mortality of patients suffering from chronic liver diseases. Because cirrhotic changes consisting of fibrosis and nodulation are often a consequence of the wound-healing response to chronic liver injury, treating the underlying pathogenic conditions, such as chronic inflammation, before the onset of fibrogenesis is an important strategy for the management of these disorders [16, 17] . Despite the lack of well-designed clinical evidence, herbal medicines are becoming popular among patients with liver disease, and are attractive as putative antifi brotics or hepatotherapeutics [18] [19] [20] [21] [22] . CGX has shown some hepatoprotective properties or anti-hyperlipidemic effects in previous studies [9] [10] [11] , so we further examined whether 
Figure 4
Measurement of lipid peroxide and hydroxyproline levels in liver tissues. Eight male Wistar rats per group were treated with DMN together with or without CGX as described in Figure 1C . At the end of the total treatment period, malondialdehyde and hydroxyproline were determined in the liver tissues. this drug has therapeutic effects in a chronic liver damage model, including anti-fi brotic effects. We constructed a chronic liver injury model using Wistar rats as in previous studies [23] [24] [25] , showing marked liver dysfunctions, such as low serum albumin, high level of bilirubin, ALP, AST, and ALT, and increased lipid peroxidation and hydroxyproline accumulation in liver tissues. In our experiments, the values of relative organ weights, serum albumin and bilirubin, and hydroxyproline in liver tissues moderately recovered to normal levels after 2-wk cessation of DMN without any treatment, whereas the levels of ALP, AST, and ALT remained dangerously out of normal physiologic conditions. CGX administration showed major reducing effects on the increased levels of ALP, AST, and ALT induced by DMN treatment, and slight restorative effects on organ weight, serum albumin and bilirubin, and hydroxyproline concentration in liver tissues. In contrast to other biomarkers, the production of lipid peroxidation, measured as malondialdehyde (MDA), accelerated continuously up to the endpoint of this experiment in spite of stopping DMN treatment in the control group. This was partially restored by the administration of CGX (Figure 4 ). Because oxidative stress in DMN-treated animal models is known to be a major cause of hepatocellular damage and fibrosis [26] , it is likely that CGX has some hepatotherapeutic effects as a result of reducing DMNinduced oxidative stress.
As expected, DMN treatment for 4 wk resulted in the development of fi brosis, thus causing shrunken livers and the accumulation of hydroxyproline and extracellular matrix. Any chronic types of hepatocellular injury generally lead to hepatic fibrosis and cirrhosis, and investigation of anti-fibrotics and anti-cirrhotics have been a central issue due to their importance in the clinical outcome of patients. Thus far, no effective anti-fibrotic or anticirrhotic treatments are available for clinical use [2, 27] . This experiment demonstrated some anti-fibrotic effects of CGX administration, as shown by reduced hydroxyproline concentration in tissues and histological examination ( Figure 5) .
In order to determine the molecular mechanisms of these effects, we examined the change in expression of several fibrosis-associated genes in liver tissues. It has already been established that stellate cells and various cytokines work as key factors in the pathogenic process of liver fibrosis [2] . Among these, TGF-β and PDGF are considered the prominent profibrogenic cytokines [28] [29] [30] [31] . As shown in Figure 6 , CGX administration moderately inhibited TGF-β expression compared to four-and fivefold over-expression in the DMN 4 wk and control groups, respectively. In particular, PDGF-β was obviously over-expressed by DMN treatment, whereas it was markedly inhibited by CGX administration. In addition, the unbalance between synthesis and degradation of the extracellular matrix is an important feature of liver fibrosis, and increased expression of several matrix metalloproteinases, including MMP-2 and tissue inhibitors of metalloproteinases (TIMPs), is well-known to occur during fibrogenesis [32, 33] . CGX administration also Figure 5 Histopathologic examination of liver tissues. Eight male Wistar rats per group were treated with DMN together with or without CGX as described in Figure 1C . At the end of the total treatment period, the liver was removed, fi xed in Bouin's solution, and stained with hematoxylin and eosin (top, x 200 magnifi cation) or Masson's trichome (bottom, x 200 magnifi cation) for histological examination under a light microscope. 
Figure 6
Expression of fi brosis-related genes using real-time PCR. Eight male Wistar rats per group were treated with DMN together with or without CGX as described in Figure 1C . At the end of the total treatment period, total RNA was prepared from liver tissues and used for cDNA synthesis. Quantitative realtime PCR was then performed using SYBR green supermix reagent with the gene-specifi c primers. The results are expressed in terms of fold increase in the expression levels relative to the naive control group. Con: Control.
noticeably decreased the expression of MMP-2 that had been highly over-expressed during or after DMN treatment, similar to previous reports [34] . A m o n g t h e m a n y d r u g s d e r ive d f r o m h e r b a l medicines, silymarin is the most clinically popular for patients with various liver disorders, and is known to have hepatotherapeutic and anti-fibrotic properties [35] [36] [37] . We also used silymarin (50 mg/kg) as a positive control in this experiment, and observed that CGX exhibited greater antifi brosis effects than silymarin (data not shown).
Based on these results, we conclude that CGX possesses hepatotherapeutic properties against chronic hepatocellular destruction and consequential liver fi brosis. The mechanism of these therapeutic effects of CGX on liver diseases, however, should be further clarifi ed so that CGX can be used as effectively as possible as a means of treatment.
